Abstract Renin, as part of the renin-angiotensin system, plays a critical role in the regulation of blood pressure, electrolyte homeostasis, mammalian renal development, and progression of fibrotic/hypertrophic diseases.
The renin-angiotensin system (RAS) plays a major physiological role in the regulation of systemic blood pressure and fluid/electrolyte balance. The RAS has also been shown to be required for normal mammalian renal development and has been implicated in the progression of fibrotic/hypertrophic diseases [7, 16, 36, 40, 52, 70] . The aspartyl protease renin is responsible for initiating the enzymatic cascade which results in the production of angiotensin II, the effector molecule of the RAS. Transcription of renin genes is subject to developmental and tissue-specific regulation [58] . The primary source of active renin in the circulation is the kidney. In the mouse kidney, renin expression is first detected at embryonic day 14.5 in the earliest developing arteries [8] . As the renal arterial tree develops, renin expression is found in the newly forming arterial branches where it is then progressively restricted to smaller arteries and arterioles until, in the adult, it is primarily expressed by a specialized group of myoepithelioid granulated cells located in the afferent arteriole called juxtaglomerular cells (JG). Other sites of renin expression in the mouse include submandibular gland, adrenal gland, testes, ovary, anterior prostate, brain, and fetal subcutaneous tissue.
Initial transgenic studies where~4 kb of the mouse renin 5′ flanking sequence was fused to either SV40 T antigen or green fluorescent protein (GFP) have shown that this limited upstream sequence is sufficient to specify correct renin expression patterns in mouse embryonic, extraembryonic, and adult tissues, suggesting that most of the key regulatory regions reside within this region [21, 22] . The isolation of a reninproducing cell line (As4.1) derived by transgene-mediated tumorigenesis using the SV40 T antigen driven off the 5′ renin flanking sequence has provided an important tool for identifying cis-acting elements and trans-acting factors important for renin gene expression. In addition, primary cultures of chorionic cells [25] as well as Calu-6 cells [50] , which have both been found to express endogenous renin, are widely used to study the transcriptional regulation of the human renin gene.
More recently, a large body of research has been carried out using in vivo models to try and validate previous in vitro findings in regard to renin gene transcription. Included within these in vivo models is the use of transgenic mice where critical regions within the renin regulatory region have been abrogated. Interestingly, some discrepancies between results found in initial cell culture studies and current mouse models have been identified [15, 64, 74, 75] . This review will focus on the identification of key components responsible for renin gene transcription using both in vitro and in vivo models, including discussion on any conflicts in data between the two valuable resources.
The proximal promoter region
Using the As4.1 cell line, a proximal promoter region residing at approximately −200 to +6 upstream of the renin gene has been identified [3] . This region has been shown to be absolutely critical for maximal cell-specific expression of renin in mouse and human [3, 48] . The proximal promoter region shares a high level of sequence homology between mouse, rat, and human including a completely conserved TATA box [7] . The mouse Ren-1 c gene contains a~500-bp insert located at −80 which is not present in rat or human [5] .
The HOX-PBX binding site
In vitro experiments using the As4.1 cell line have identified a short sequence within the Ren-1 c promoter region located at −72 to −50, which is both required for renin expression and is highly conserved among mouse, rat, and human [47] . This short sequence is also present in the human proximal promoter and is important for basal and cyclic adenosine monophosphate (cAMP)-induced promoter activity of the human renin gene in human chorionic cells [14] . Further analysis using the As4.1 cell line has identified that HOX9/ 10 paralog members can pair with PBX1b and bind the Ren-1 c sequence from −72 to −50 with high affinity. Prep1 has also been shown to form a ternary complex with HOX and PBX on the Ren-1 c promoter in vitro. Moreover, a mutation of a single base within either the HOX or PBX half site dramatically reduces the transcriptional activity of Ren-1 c in the As4.1 cells, suggesting that both of the HOX and PBX sites are necessary for renin expression. To test the importance of the HOX-PBX binding site in vivo, the two critical bases found in the HOX-PBX binding sequence were mutated within a bacterial artificial chromosome (BAC) transgenic where the renin regulatory region is responsible for driving GFP expression (RenGFP). When mutated, no GFP expression was visualized within embryonic adrenal gland or gonadal artery as well as within the kidney at any developmental age including e16.5, juvenile, and adult [15] . Interestingly, GFP expression was visualized in the submandibular gland (SMG) of the adult transgenic animal. This result concludes that the HOX-PBX site, while absolutely essential for renin expression within the kidney, is not apparently necessary for expression within the SMG. Furthermore, Tanimoto et al. generated a transgenic mouse model where a wild type or a mutated form of the Ren-1 c promoter could be excised within the same transgenic construct using a Cre/loxP-mediated system [64] . In this elegant study, a single-base mutation within the HOX half site was able to completely attenuate basal promoter activity of the Ren-1 c gene within the kidney, but did not affect extrarenal Ren-1 c expression. When crossed into a hypotensive reninnull mutant mouse model, the transgenic line carrying the mutated HOX half site was unable to rescue the phenotype, whereas a transgenic construct containing a mutated (cAMP and negative regulatory elements) CNRE, liver X receptor alpha (LXRα) binding site, was able to regain normal renin expression levels and blood pressure homeostasis within the renin-null mouse (discussed further in "The LXRα binding site" section). These results further validate the critical role of the HOX-PBX binding site in regulating renin expression in the kidney as well as facilitating blood pressure regulation.
The results reviewed here strongly suggest that renin gene expression within the kidney is an immediate downstream target of class I Hox gene regulation. Furthermore, the generation of angiotensin II, a hormone known to have growth factor activities, as well as pressor activity, is directly regulated by an important family of developmental genes responsible for regulating embryonic patterning. This intriguing correlation underlies the emerging realization of the roles played by RAS during renal development as well as pathophysiology of the kidney.
The HOX-PBX binding site within the Ren-1 c promoter is targeted by the retinoblastoma (RB) tumor suppressor gene leading to an increase in renin promoter activity in human embryonic kidney cells, which do not express endogenous renin [62] . Further studies to identify whether RB partners with the HOX-PBX complex to regulate renin expression need to be pursued.
The PPAR-γ binding site Recently, the human renin gene was shown to be regulated by the transcription factor peroxisome proliferatingactivated receptor-γ (PPAR-γ) in human Calu-6 through a nontypical Pal3 (palindrome with a 3-bp spacer) binding site located from −148 to −134 [66] . The human renin Pal3 site binds PPAR-γ and the retinoid X receptor-α from Calu-6 nuclear extracts and is necessary for the PPAR-γ agonist rosiglitazone-mediated activation of human renin transcription [67] . Furthermore, the human renin Pal3 site is critical for PPAR-γ-dependent regulation of renin gene expression by mediating maximal transcription activation at low cellular levels of PPAR-γ. Similar to the other binding sites within the human promoter, the renin Pal3 side resides in an evolutionarily conserved region of the promoter; however, the mouse and rat renin Pal3 elements have been shown to be transcriptionally silent in response to the PPAR-γ activation.
Further binding sites identified in the proximal promoter region
Within the proximal promoter region of the Ren-1 c gene, several other important transcriptional factor binding sites have been identified upstream of the HOX-PBX binding domain [45] . Deletion of the region from −197 to −70 of the proximal promoter within a construct containing 4.1 kb of the Ren-1 c 5′ flanking sequence almost completely abrogates renin transcriptional activity in As4.1 cells [45] . Within this region, six cis-acting elements have been identified including two nuclear factor I (NFI) binding sites, an Sp1/ Sp3 binding site, and three other sites Pb, Pc, and Pd, which all show affinity for nuclear proteins and contribute significantly to high-level renin expression in As4.1 cells [45] .
Interesting, all of these binding sites, excluding Pb, are located within the M3 insertion region (−564 to −80), which is not present in the rat or human promoter. Therefore, the binding of these transcription factors may increase the transcriptional activity of the mouse renin promoter compared to that of rat and human, which is in agreement with higher circulating levels of renin found in mice when compared to levels in rats and humans [44] .
Early studies using human chorionic cells have also identified an Ets binding site, a cAMP-responsive element (CRE), a binding site for ARP-1 (COUP-TFII), as well as two unidentified sites within the proximal promoter region of the human renin gene [3] . The CRE located within the human promoter region has been shown to bind several transcription factors including cAMP response element binding (CREB) and ATF1 in renin-expressing Calu-6 cells [72] . The CRE site has also been shown to be important for basal and cAMPinduced promoter activity of the human renin gene in human chorionic cells [14] .
The LXRα binding site
The nuclear receptor LXRα has been postulated to mediate the cAMP response through a CNRE motif residing at position −128 to −115 in the human renin gene and at −611 to 599 in the mouse Ren-1D gene [18, 19, 60, 61] . In vivo analysis has demonstrated that LXRα and liver X receptor beta (LXRβ) can regulate renin expression through direct interaction with the renin promoter [37] . Furthermore, using LXRα and LXRβ null mice, a lower basal renin level as well as a blunted adrenergic response was observed identifying the cAMP/LXRα signaling pathway as being critical for adrenergic control of renin expression [37] . More recently, LXRα activation in mesenchymal stem cells (MSCs) stimulates renin expression and induces MSCs to differentiate into reninsecreting, JG-like cells [35] . However, expression profiling of the natural renin-expressing cell of the adult kidney isolated from our RenGFP transgenic animals shows very low levels of LXRα expression using Affymetrix microarray analysis, qPCR, and massively parallel signature sequencing (2004, Gross unpublished). Similarly, comparison of gene expression profiles of the renin-expressing cell to other cells of the kidney did not identify LXRα as distinctive to the renin cell, conveying low to nonexistent levels throughout kidney cell types with no significant enrichment in the renin-expressing cell population [4] (and correspondence with Dr. RA Gomez). Finally, in vivo deletion of the LXRα binding motif within the mouse promoter had no effect on either basal expression or the regulation of the renin gene, further contradicting the physiological significance of the CNRE [64] . Given the conflicting results, the relevance of the LXRα motif in regard to renin gene regulation remains somewhat equivocal.
The enhancers
The renal enhancer A 242-bp enhancer element (−2,866 to −2,625) has been identified in the Ren-1 c 5′ flanking sequence in As4.1 cells [48] . The Ren-1 c enhancer is capable of stimulating transcriptional activity by >50-fold in an orientationindependent fashion. The renal enhancer is also found in both the rat and human promoter. The human enhancer is located~11 kb upstream of the transcriptional start site and shows 71 % identity with the mouse enhancer [55, 71] , whereas the rat enhancer is located at −5,868 to −5,615 bp with 85 % sequence homology to the mouse enhancer. Through interaction with the renal enhancer transcription of the Ren-1 c gene has been shown to be downregulated by endothelin [45, 54] , mechanical stretch [53] , cytosolic calcium [23] , as well as inflammatory cytokines [2, 49, 65] . Specifically, the cytokines oncostatin M, interleukin (IL)-6, and IL-1β inhibit renin gene expression through interaction with this enhancer [46] .
The downstream portion of the enhancer contains a CRE and an adjacent E-box, which are the most critical sites for providing basal expression of the Ren-1 c gene in the As4.1 cells. Mutation in either of these sites results in almost complete loss of enhancer activity in As4.1 cells [41] . The CRE and E-box have previously been shown to bind the CREB/CREM and USF1/USF2 transcription factors, respectively. Furthermore, CRE mediates the stimulatory effect of the cAMP/PKA cascade on renin expression. The transcriptional effects of cAMP are mediated through the binding of CREB to the CRE in the renin promoter. This is facilitated by the coactivators CREB binding protein (CBP) and p300, which can bind the phosphorylated form of CREB [1, 32] . More recently, ATF2 has been shown to bind to the CRE site repressing renin expression by drifting the transcriptional control of the renin gene away from CREB [8] . Furthermore, PPAR-γ can potentiate the stimulatory effect of cAMP on renin gene expression via trans-activation of adenylate cyclase-6, which is targeted by PPAR-γ through a functional Pal3 sequence [11] .
A region of the Ren-1 c enhancer, which includes the CRE, E-box, and upstream TGACC element, has been identified as the target sequence for inhibitory effects of cytokines. However, mutation of each of the three sites does not lead to the abolishment of the inhibitory effect, suggesting that all three of the sites are important. Through interaction with the renal enhancer, the inhibitory effect of IL-1β on renin gene expression has been shown to act through a mechanism involving the Erk-STAT3 pathway [31] . Downregulation of the Ren-1 c gene is also mediated through tumor necrosis factor-α (TNF-α) [68] . Todorov et al. have suggested that this inhibition is mediated by the CRE in the enhancer. The transcription factor nuclear factor kappa B (NFκB), which is activated by TNF-α treatment, can form a complex with proteins binding the CRE. Furthermore, TNF-α inhibits renin gene expression by decreasing the trans-activating capacity of NFκB-p65 and partially by attenuating CREB1 binding to the CRE of the Ren-1 c enhancer [68] . Itani et al. have demonstrated that renin gene expression can be negatively regulated by cellular reactive oxygen species through an NFκB-independent mechanism involving the renin enhancer and inhibition of transcriptional regulation by the cAMP response element [20] . This suggests that TNF-α can inhibit renin gene expression though both an NFκB-dependent and an NFκB-independent mechanisms which involves the production of reactive oxygen species [20] .
Li et al. demonstrated that both renin mRNA and protein levels in the kidney are dramatically increased in vitamin D receptor null mice [29] . Treatment of As4.1 cells with vitamin D leads to a decrease in promoter activity of a transfected reporter construct containing 4.1 kb of the Ren-1 c 5′ flanking sequence [57] . The suppression of renin gene expression by 1,25(OH)2D3 has been shown to at least be partially due to blocking the formation of the CRE-CREB-CBP complex [73] . Furthermore, the transcriptional regulatory complex made up of CREB1, NCOR1, and VDR, which bind to the CRE-like domain in the renin enhancer, has been identified as being important to vitamin D receptor suppression of renin [39] .
Downstream of the E-box within the Ren-1 c enhancer are two TGACCT motifs, which are separated by 10 bp and are homologous to the steroid receptor binding site [44] . The transcription factors, retinoic acid receptors/retinoic X receptors, have been shown to bind to these two sites [57] . Binding of these transcription factors in As4.1 cells stimulates not only the basal enhancer activity but also the retinoic acid induction of Ren-1 c expression. The orphan receptor EAR2 can bind to the TGACCT motifs; however, it negatively regulates Ren-1 c expression in As4.1 cells [30] . Furthermore, Rasd1 has been shown to interact with EAR2 inhibiting EAR2 transcriptional repression of renin [63] . Nr2f2 (COUP-TFII, Arp-1) can also negatively regulate renin promoter activity in response to physiological cues such as retinoic acid through interaction with this enhancer region [69] . The transcription factor PPAR-γ has also been reported to bind to this enhancer element [67] . In vivo experiments where PPAR-γ expression was selectively diminished in renin-expressing JG cells of the mouse kidney resulted in an increase in both renin expression and renin plasma levels, further validating the relevance of PPAR-γ in the control of renin gene regulation [10] . Calcium has also been shown to inhibit renin gene expression through interaction with the CRE and TGACCT motifs within the enhancer as well as through destabilization of renin mRNA [23] .
A nuclear factor Y (NF-Y) binding site has been identified close to the 3′ end of the renin enhancer, which overlaps with the downstream TGACCT motif [56] . Mutation of the NF-Y site increases enhancer activity, demonstrating that NF-Y negatively regulates renin gene transcription. Therefore, binding of NF-Y to the enhancer may prevent binding of transcription factors to the TGACCT motif resulting in inhibition of enhancer activity [56] .
At least seven additional transcription factor binding sites have been identified residing in the more distal portion (−2,866 to −2,699) of the enhancer. One of these sites has been shown to bind the Wilm's tumor suppressor WT1, which inhibits renin transcription [59] . The other six binding sites include four NFI binding, Sp1/Sp3 binding, and an unknown transcription factor binding site [42] . Mutational analysis has demonstrated that each of these six sites contributes to overall enhancer activity, whereas mutation of all six sites together results in a 90 % decrease in Ren-1 c expression. NFIX, the product of one of four homologous NFI genes, is the most highly expressed NFI mRNA in As4.1 cells, strongly suggesting a critical role of NFIX in regulating renin gene expression. Moreover, a direct interaction between NFIX and Sp1 has been reported [51] . It seems as though the cooperation between these two proteins is important for renin gene transcription because both the enhancer and proximal promoter of the Ren-1 c gene contain adjacent NFI binding and SP1/Sp3 binding sites [42, 45] .
Several different mouse models have been implemented to study the role of the renal enhancer on renin gene transcription in vivo. Using transgenic mice that express human renin from a 160-kb P1 artificial chromosome, Zhou et al. have demonstrated that the renal enhancer of the human renin gene is not critical for the stimulation of renin gene expression by angiotensin-converting enzyme (ACE) inhibition [74] . Moreover, the enhCRE and CNRE have been shown to be dispensable for the cell-specific expression of the human renin gene in the afferent arteriole when AngII signaling is impaired [9] . This is in contrast to the data generated using two different mouse models, one where a knockout of the endogenous renin locus (REKO mouse) was characterized [34] and another which implemented a Ren-1 c containing BAC where the renin regulatory region was responsible for driving GFP and the enhancer was subsequently deleted in the BAC [15] . Using the REKO mouse model, the renal enhancer was shown to be necessary for the full activation of renin transcription by the combination of a low-salt diet and an ACE inhibitor [34] . Similarly, a decreased response in GFP transgene expression was identified in the Ren-1 c BAC transgenic animal containing the deleted enhancer when treated with the ACE inhibitor captopril [15] . The discrepancies between different mouse models may be a result of variation between mouse and human enhancer sequence or the ability of mouse transcription factors to carry out similar actions on the human renin promoter and enhancer [34] . Variation in the region deleted within the enhancer sequence of the different studies may also reflect the discrepancies observed between the various mouse models. Furthermore, the human and mouse renal enhancers have been shown to be critical for basal transcription of renin within the kidney validating previous in vitro studies [15, 34, 74] . However, the exact mechanism in which the enhancer modulates levels of renin gene expression has not yet been fully elucidated. Using an in vitro model, Morris has proposed that the enhancer increases the probability of achieving an active transcriptional state rather than regulating the level of promoter activity per cell [38] . Recent studies suggest that in vivo renin production is a function of the number of cells expressing renin rather than regulation of transcription within individual cells [33] . Although this evidence suggests an on/off mechanism of action, further studies are necessary to fully understand how the enhancer regulates renin gene expression in normal and compromised physiological states. The extensive analysis of the renal enhancer has clearly identified its importance in maintaining baseline expression of renin as well as facilitating responses to various signal transduction pathways.
Chorionic enhancer
The human renin 5′ flanking region contains a second enhancer located between −5,777 and −5,552 [13] . This enhancer is responsible for inducing human renin promoter activity~60-fold in chorionic cells and is therefore known as the "chorionic" enhancer [13] . Using DNase I footprinting assays, three transcription factor binding sites have been identified within the chorionic enhancer; however, the identity of these sites is as of yet unknown. The chorionic enhancer is not evolutionarily conserved and is trancriptionally silent in transgenic mice [75] .
Interaction between the proximal promoter region and the renal enhancer Using in vitro models, a 242-bp enhancer [41, 48] consisting of a complex constellation of protein-DNA interaction sites and a critical proximal promoter region [45] have been identified upstream of the renin gene. Although the exact physical location of the enhancer varies between species, these key sites are highly conserved between mouse, rat, and human [44] . The human and mouse renal enhancers are critical for basal transcription of renin within the kidney [15, 34, 74] , where the proximal promoter region is necessary for tissue specificity of renin gene expression [15, 64] . Gomez et al. have identified the histone acetyltransferases (HAT) CBP and p300 as being critical to the maintenance of renin cell identity and structural integrity of the kidney [17] . The CBP and p300 HATs remodel chromatin into an active state within the enhancer region of the renin gene allowing transcription factors the ability to access key binding sites necessary for activation of renin gene transcription. The exact mechanism of action responsible for bringing the enhancer and proximal promoter together to regulate renin gene expression is not fully understood. However, a highly conserved RBP-J recognition site, which utilizes the Notch signaling pathway and resides between the renal enhancer and proximal promoter element, has been proposed to be involved in mediating the cross-talk between the renal enhancer and proximal promoter region leading to renin gene transcription.
The Notch signaling pathway
Comparison of the human, rat, and mouse renin proximal promoter sequences led to the identification of a highly conserved sequence homologous to the recognition sequence for RBP-J/Su(H)/lAG1, a nuclear effector of the Notch signaling pathway. Notch, a transmembrane receptor, mediates cell-cell communication to determine cell fates and facilitates in the regulation of pattern formation [24] .
When activated, through binding of its ligand, the Notch intracellular (NIC) domain is released by proteolytic cleavage, translocates to the nucleus, and subsequently binds transcription factor RBP-J which then activates gene expression. Binding of NIC turns RBP-J from a repressor to an activator by replacing the RBP-J-bound corepressor complex with a coactivator complex.
As4.1 cell nuclear proteins that bind the putative rat renin RBP-J binding site (−175 to −168) have been shown to contain RBP-J [43] . Furthermore, using Cos-7 cells, NIC activates transcription from a promoter containing multiple copies of the rat renin RBP-J binding site [43] . An Ets binding site has also been identified in the rat renin promoter, where the transcription factor Ets-1 can activate renin promoter activity at this site [43] . The intracellular domain of Notch, Ets1, and HOXD10-PBX1b-PREP1 has been shown to activate the rat renin promoter cooperatively in COS-7 cells [43] . These in vitro results strongly suggest that the renin gene is a downstream target of the Notch signaling pathway.
In vivo analysis of our RenGFP BAC transgenic line has identified Notch 3 colocalization with the GFP reporter in renal vasculature (Fig. 1) . Colocalization of Notch 3 and renin in the JG cell of the adult mouse kidney has also been identified by immunostaining as well as gene profiling of the renin-expressing cell [4] . Furthermore, conditional deletion of the transcription factor RBP-J, the common downstream effector of all Notch receptors, in renin-expressing cells has been shown to diminish basal renin expression in the kidney, decrease circulating renin, lower blood pressure, as well as blunt the ability of smooth muscle cells along the kidney vasculature to regain the renin phenotype when homeostasis is threatened [6] . These results further emphasize the importance of this pathway on renin gene regulation in vivo.
Pan et al. have proposed that the RBP-J binding site is a transcriptional switch where activation of notch signaling sequesters the NIC domain into direct interaction with RBP-J turning the molecule from a repressor to an activator allowing for tissue-specific regulation of renin gene transcription though facilitating physical interaction between the enhancer and proximal promoter region [43] . The in vivo deletion of the RBP-J binding site within the renin regulatory region leads to a diminished level of renin expression suggesting that RBP-J functions to maintain the number of renin-expressing cells in the kidney [6] . Since RBP-J is known to have repressor and activator ability, it stands to reason that deleting the site would cause a decrease in renin expression due to the loss of ability of NIC to form an activator complex in the reninexpressing cell as proposed by Pan et al. Although much is known about these highly conserved sites, the exact mechanism at which the enhancer, proximal promoter region, and RBP-J site interact to activate renin gene transcription in a temporal and tissue-specific manner is not yet fully understood.
Perspectives
Many cis-acting elements responsible for the regulation of the renin genes have been identified using renin-expressing cell lines. The validation of many of these key sites has been characterized using various mouse model strategies. Expression profiling of the natural renin-expressing cell of the mouse kidney has also led to validation and discovery of important factors responsible for the regulation of the renin genes in vivo. Although a detailed composite of the transcription factor binding sites has been developed and validated, the map is far from being complete. Further studies using chromatin immunoprecipitation sequencing, or ChIP-seq, could help to specifically validate the interaction of these key binding sites with previously identified and novel proteins. Future studies are also necessary to further understand the tissue-specific regulation of renin beyond the kidney. Specifically, renin transcripts within the SMG have been shown to initiate further upstream than those in the kidney and other tissues [12] . The presence of multiple transcriptional start sites within the SMG could allow for renin to be differentially regulated by different intracellular signals or transcription factors [58] . Furthermore, the HOX-PBX binding site, which is critical for renal renin expression, is not required for the expression of renin within the SMG further supporting the model that alternate transcriptional start sites exist within the renin gene [15] . Further exploration of the alternate transcriptional start sites and their surrounding regulatory regions is necessary to fully understand the regulatory mechanisms acting on the control of renin expression within the SMG.
Moreover, the existence of local RAS in diverse tissues and organs has become increasingly recognized [27] . Included in these systems is the identification of a local RAS in the adult pancreas, which is involved in the regulation of normal exocrine and endocrine functions [26, 28] . Recent data have identified a local RAS as being involved in regulating the functional maturation of the pancreatic progenitors toward the endocrine lineage [27] . Using a renin driven Cre recombinase transgenic responsible for deleting p53 and Rb in renin-expressing cells of the developing mouse, the Gross lab has created a highly metastatic islet cell carcinoma (Glenn and Gross, in preparation for submission 2012). This highly penetrant tumor model arises from the endocrine lineage, specifically the glucagon-expressing α cell, of the developing pancreas. Abrogation of the p53 and Rb alleles responsible for the initiation of disease is limited to renin-expressing cells; therefore, expression of renin is present within the endocrine cells of the pancreas, which is of endodermal origin. Classically, reninexpressing cells have been found in tissues derived from the mesoderm. The specific time point at which renin is expressed in the developing pancreas as well as the functional role of the gene during pancreatic development have yet to be elucidated. Further studies exploring the transcriptional regulation of renin as well as the role of local renin-angiotensin systems within tissue and organ systems derived from the various germ layers are needed to fully comprehend the diverse functions of both renin and the RAS.
